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March 20, 2002 



Hand Carry to: 
Petitions Office 
Crystal Plaza 4 
Room 3C-23 

2201 South Clark Place 
Arlington, Virginia 22202 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: * 

On March X9, 2 0 02, Applicants' representative hand-carried 
to the Publishing Division: (1) an RCE; (2) Request for 
Consideration of Information Disclosure Statement; (3) 
Information Disclosure Statement (IDS) enclosing U.S. reference 
2001/0051718 Al; and (4) two checks in the amounts of $130.00 and 
$740.00. Inadvertently, a Petition Under 37 C.F.R. §1. 313(c) (2) 
was not enclosed with items (l)-(4)- Attached to this Letter 
are: (A) copies of items (l)-(3); (B) a photocopy of the postcard 
receipt; and (C) the Rule 313(c)(2) Petition dated March 20, 
2002 . 
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Applicants respectfully request that the Petitions Branch 
consider the attached Petition in combination with items (l)-(4). 

Applicants believe that the fees necessary for consideration 
of items (l)-{3) and the attached Petition have been paid in 
full; however, if necessary, the Commissioner is hereby 
authorized in this, concurrent, and future replies, to charge 
payment or credit any overpayment to Deposit Account No. 02-2448 
for any additional fee required under 37 C.F.R. §§ 1.16 or 1,17; 
particularly, extension of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




Gerald M. Murphy, Jr., #28,977^^ 



GMM/GMD/gh 
1422-0449P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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BOX 313c 

PATENT 
1422-0449P 

IN THE U.S. PATENT AND TRADEMARK OFFICE 

Applicant; Eiichi IISHI et al . Conf . : 

Appl. No.: 09/697,329 Group: 1624 

Filed; October 27, 2000 Examiner: K. HABTE 

For: ANHYDROUS MIRTAZAPINE CRYSTALS AND 

PROCESS FOR PREPARING THE SAME 

Batch No. : N32 

PETITION UNDER 37 CF.R. § 1.313(c) (2) RECEJ V£u 

Hand Carry to: MAR 2 1 2002 

petitions Office 

Crystal Plaza 4 ;^^--'-»i^c-^,^^ 
Room 3C-23 

2201 South Clark Place 
Arlington, Virginia 22202 

BOX 313c 

Assistant Commissioner for Patents March 20, 2002 

Washington, DC 20231 

Sir ! 

This is a Petition to withdraw the above-mentioned 
application from Issue. The necessary fee under 3 7 C.F.R. 
§ 1.17(h) of $130.00 was enclosed with the submission filed March 
19, 2002 hand carried to the Publishing Division. 



^4 M 



FACTS 

1. The above-mentioned application has been allowed, and 
the Issue Fee was paid on January 10, 2002, 

2. The applicants filed yesterday, March 19, 2002, a 
REQUEST FOR CONTINUED EXAMINATION (RCE) in order to submit an 
Information Disclosure Statement (copies are attached hereto) . 
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REMEDY REQUESTED 

It is requested that the above-mentioned application be 
withdrawn from Issue for consideration of an RCE under the 
provisions of 37 C.F.R. § 1, 313(c) (2) and consideration of an 
Information Disclosure Statement under 37 C*F.R. § 1.97. 

If necessary, the Commissioner is hereby authorized in this, 

s 

concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fee 
required under 37 C.F.R. §§ 1.16 or 1,17; particularly, extension 
of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 

Gerald M. Mufphy, Jr., #28,977 
P.O. Box 747 

GMM/GMD/gh Falls Church, VA 22040-0747 

1422-0449P (703) 205-8000 

(Bev. ll/05/Ol) 
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fflfll!;ygUnd$r37CFfl1.114(Rr 

□ dpoqRcation Consi^iind at 

□ Combined Oedaration & Power 

□ Assignment / Cover U^r 

□ latter to OfRdal Draftsman 

□ Drawings Sheete □Fomial □infomaJ □ Red-Ink 

□ Completbn ol FPlng RequlremBnts, PCT/0O/Ea905 
or Formalities letter and Executed Pederation 

□ PrtortV DoCLmQni(s) / Ow letter, Na Pk. 

□ Airiendment - , ^ 

OTVansmtlUr □ Urge Entity □ Small Enilry 

□ Bfteponga 

CW&rmation Oted S(mrrt. PTO-1 ^9(s) _J m'(6) 

□ N(3bca of Appeal OAppeal Brief 

□ Isvua Fee TransmiHa! 



0 



RBCBipt Is heraby acknowledged ol Ihe papers filed 
indlcaled In connaeaon v»llh the above kjonllllod ease. 
COMMISSIONER OF fWEMTS AND TRADEMARKS 
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Crystal Park Three 

Suite 910 

2231 Crystal Park Drive 
Arlington, VA 22202 



COIPY 



PATENT 
1422-0449? 



Applicant : 
Appl . No . : 
Filed: 
For: 



IN THE U.S. PATENT AND TRADEMARK OFFICE 
Eiichi IISHI et al . Conf . : 

09/697,329 Group: 1624 



October 27, 2000 



Examiner: K. HABTE 



ANHYDROUS MIRTAZAPINE CRYSTALS AND 
PROCESS FOR PREPARING THE SAME 



REQUEST FOR CONSIDERATION OF 
INFORMATION DISCLOSURE STATEMENT 
(Submission with Piling of Continuation Application and 
Petition to Withdraw Parent Application from Issue) 



MAR 2 1 200? 



Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 



March 19; 2002 



The following remarks are respectfully submitted in the 
above -identified application. 



REMARKS 

Claim 7 has been allowed in the present application and the 
Issue Fee was paid January 10, 2002. 
Enclosed are: 

1) a Petition under 37 C.F.R. § 1 . 313 (c) (2) ; 

2) a REQUEST FOR CONTINUED EXAMINATION (RCE) ; and 

3) an Information Disclosure Statement (IDS) . 

The purpose of the Petition under 37 CF-R. § 1.313(c) (2) is 
to withdraw the application from issue and allow the Examiner to 
consider a REQUEST FOR CONTINUED EXAMINATION (RCE) and an 
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I Birch, Stewart, Kolasch & Birch, LLP 



P.O. Box 747 

Falls Church. Virginia 22040-0747 
Phone: (703) 205-8000 
Fax: (703) 205-80S0 

(703) 693-8690 (GIV) 



FAXRECEiV^D 
MAR 2 1 2002 

From: Garth M. Dahlen. Ph.D. 



Fax: 


703-308-6916 


Date: March 21, 2002 


Phono: 


703-305-9282 


Pa^ea; 26 Onduding cover sheet) 


Your Ret.! 




Our Rot.; 1422-0449? 


Re: 


Serial No.: 09/697,329 


CC: 


1^ Ument 


[SI For Review Q Please Comment Q Please Reply Q Please Recycle 



This transmission Is lr\tencled for the sole usa of the Individual and entity to whom It is addressed, and may contain infomnation that 
is privileged, confidential, and exempt from disciosgre under applicable jaw. You are hereby notified that any dissemination, 
distribution, or duplication of this transmission by someone other than the intended addressee or its designated agent is strictly 
prohibited. If your receipt of this transmission is in error, please notify this firm immediately by collect call to (703) 205-8000. and 
send the original transmission to us by return mail at the address above. 



Comments: On March 20, Z0Q2^ Applicants' representative hand-carried the enclosed 
documents to tHie Patent Office. Unfortunately, the documents were hand- 
carried to Art Unit 1600 by accldenti as evidence by the enclosed stamped 
postcard receipt. Applicants respectfully request that the Petitions Branch 
consider the attached documents. 



Fax 

To: Daniel Belzer 

Petitions Office 
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Information Disclosure Statement (IDS) not previously filed in 
the application. 

Should there be any outstanding matters which need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact Garth M. Dahlen, Ph.D. (Reg, No. 43,575) at 
the telephone number of the undersigned below, to conduct an 
interview in an effort to expedite prosecution in connection with 
the present application. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fee 
required under 37 C.F.R. §§ 1,16 or 1.17; particularly, extension 
of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH Sc BIRCH, LLP 




Gerald M. Murphy, Jr., #28,977 ^ 




GMM/GMD/gh 
1422-0449P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Enclosures : 



IDS, RCE 
1.313 (c) (2) 



and 



Petition 



under 



37 



C.F.R. 



2 
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COPY 



BOX RCE 

PATENT 
1422-0449P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 

Applicant: Eiichi IISHI et al . Conf . : 

Appl. No.: 09/697,329 Group: 1624 

Filed; October 21, 2000 Examiner; K. Habte 

For: ANHYDROUS MIFTAZAPINE CRYSTALS AND 

PROCESS FOR PREPARING THE SAME HANDCARRY TO: 

U,S, Patent and Trademark Ofllct 
Publishing Division 

REQUEST FOR CONTINUED EXAMINATION ^^^/'^J ^""^^ ^''"^ 

UNDER 37 CF.R, ^^J^-^i;,^, p^^,^^.^^ 

Arlington, VA 22202 

Box«CE FAXRECclVED 

Assistant Commissioner for Patents ^ ^ March 19, 2002 

Washington, DC 2 0231 MAH ^ 1 im 

This is a "Request for Continued Examination" under 37 
C-F.R, § 1.1X4, the provisions of which do not apply to: 

(1) A provisional application; (2) An application for a 
utility or plant patent filed under 35 U.S.C. 111(a) before 
June 8, 1995; (3) An international application filed under 
35 U.S.C- §363 before June 8, 1995; (4) An application for a 
design patent; or (5) A patent under reexamination. 

Submission of an RCE is limited to an application in which 
prosecution is closed; e.g. final rejection. Ex Parte 
Quayle; or notice of allowability 



This Request for Continued Examination is being filed prior 
to the earliest of: 

(1) Payment of the issue fee, unless a petition under 
§ 1,313 is granted; (2) Abandonment of the application; or 
(3) The filing of a notice of appeal to the U.S. Court of 
Appeals for the Federal Circuit under 35 U.S.C. § 141, or 
the commencement of civil action under 35 U.S,C, §§ 145 or 
146 y unless the appeal or civil action is terminated. 

□ The enclosed document . is being transmitted via the 
Certificate of Mailing provisions of 37 C.F.R. § 1-8. 
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The enclosed document is being transmitted via facsimile. 
gi^bmiaalon Required under 37 C-F-R, § 1,114: 
Enter as part of the present submission: 

□ An After Final Amendment previously filed on , 
under 37 C.F.R. § l.llS but unentered, in the present 
application » 

□ Arguments in the Appeal Brief or Reply Brief previously 
filed on 



□ A Reply Under Rule 1.111, attached hereto. Claim fee(s) 
are calculated as set forth below; 





TOTAL 
NUMBER OF 

CLAIMS 
PREVIOUSLY 
PAID PGR 


TOTAL 
WUMBER OF 
CLAIMS 
BEING 
PILED 
HEREWITH 


NUMBER 
EXTRA 


Large Bnciky 


Small Entity 


Race 


Fee 


Rate 


Fee 


Total 
Claims 


20 






X 18 


$ 


X 9 


$ 


Independent 
Claims 


3 






X 84 


$ 


X 42 


$ 








TOTAL CLAIM FEE{S) 


$0.00 



1^ An Information Disclosure Statement (IDS) and PTO-1449 
form(s) is/are attached hereto for the Examiner's 
consideration. 

n Other: 



[J Miscellaneous 

□ Suspension of action on the above- identified 
application is requested under 37 C.F.R. § 1.103(c) for 
a period of ( ) months. (Period of suspension 

shall not exceed 3 months.) 



[gl Fees 



The required fee under 37 C.F.R. § 1.17(e) as required by 37 
C.F.R. § 1.114 when the RCE is filed, is enclosed herewith: 

□ $370.00 - small entity 
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^ $740.00 - large entity 



□ The applicant (s) hereby petition(s) for an extension of 

( ) month(s) pursuant to 37 C.F.R. §§ 1.17 and 1, 136(a). 
The fee has been calculated as shown below: 

p NO extensions of time have been previously obtained in 
the prior application. Thus, a fee of $0.00 is required 
for the full period of the above --requested extension of 
time . 

□ An extension of ( ) month (s) was previously 

requested and paid for on in the instant 

application. Thus, a fee of $0.00 is required to obtain 
an additional ( ) month{s) extension. 

□ The fee of $130.00 under 37 C.F.R, § l.l7(i) for suspension 
of action is enclosed. 

13 Enclosed is (are) check (s) in the total amount of $740.00 for 
the applicable filing fee, additional claims fee, suspension 
fee, and/or extension fees. 

□ Please charge Deposit Account No. 02-2448 in the amount of 
$0.00. A triplicate copy of this sheet is attached. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. §§1.16 or 1.17; particularly, 
extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 



By, 



Gerald M. Murphy, Jr., #28,977 



GMM/GMD/gh 
1422-0449P 



P.O. Box 747 
Falls Church, va 
(703) 205-8000 



22040-0747 



Attachments 



(ftev. 02/i:,'C3) 
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HANDCARRY TO: 

U.S. Patent and Trademark Office 

Publishing Division 

Crystal Park Three 

Suite 910 

2231 Crystal Park Drive 
Arlington, V A 22202 



Applicant 
Appl . No . 
Filed: 
For: 



COPY . 



PATENT 
422-0449P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 

Eiichi IISHI et al , Conf . : 

09/697,329 Group: 1624 

October 21, 2 000 Examiner; K. HABTE 

ANHYDROUS MIRTAZAPINE CRYSTALS AND 
PROCESS FOR PREPARING THE SAME 



INFORMATION DISCLOSURE STATEMENT 
( SUBMISSION AFTER FILING OF AN APPLICAT I ON 
BUT BEFORE FINAL REJECTION OR NOTICE OF ALLOWANCE 
OR CONCURRENTLY WITH A RULE 53 (d) CPA APPLICATION 
OR WITH A RULE 1.114 RCE APPLICATION) 



t rtcGEiV 
MAR 2 1 200 



Assistant Commissioner for Patents 
Washington, DC 20231 

Sir : 



March 19, 2002 



Pursuant to 37 C.F.R. §§ 1.97 and 1,98, applicant (s) hereby 
submit (s) an Information Disclosure Statement for consideration 
by the Examiner. 

I . LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION 

The patents, publications, or other information submitted 
for consideration by the Office are listed on the PT0-1449(s), 
attached hereto, 

II. COPIES (check at least one box) 

a. ^ Submitted herewith is a legible copy of (i) each 

U.S. and foreign patent; (ii) each publication or 
that portion which caused it to be listed; and 
(iii) all other information or that portion which 
caused it to be listed. 

b. □ Some or all of the documents listed on the PTO- 

1449 are not enclosed because they were cited in 
the International Search Report and copies should 
already be in the PTO file. If copies are needed, 
please contact the undersigned. 
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III. CONCISE EXPLANATION OF THE RELEVANCE 
(checJc at least one box) 

a . ^ DOCUMENTS IN THE ENGLISH LANGUAGE ' 

The attached patents, publications, or other 
information in the English language do not 
require a statement of relevancy. 



b. □ .DOCUMENT'S NOT IN THE ENGLISH LANGUAGE 

A concise explanation of the relevance of all 
patents, publications, or other information 
listed that is not in the English language is. as 

follows: 



C. □ ENGLISH LANGUAGE SEARCH REPORT 

An English language version of the search report 
or action chat indicates the • degree of relevance 
found by the foreign office is attached, thereby 
satisfying the requirement for a concise 
explanation. See MPEP 60 9(A) (3) . 

d. □ OTHER 

The following additional information is provided 
for the Examiner's consideration. 
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FEES 



IV. □ THIS IDS IS BEING FILED UNDER 37 C.F.R. § 1.97(b); 
(check one box) " ~ 

a. □ within three months of the filing date of a 
national application (37 CF.R, § 1.97(b)(1)). Mo 
fee or statement is required. (This section is 
not to be used with RCE's and CPA's) , 

□ within three months of the date of entry of the 
national stage as set forth in § 1.491 in an 
international application (37 C.F.R. 

§ 1.97(b) (2)) . No fee or statement is required. 



c. concurrently with the filing of a Continued 
Prosecution Application under 37 C.F.R. § 1.53 (d) 
or concurrently with the filing of a Request for 
Continued Examination under § 1.114 (3 7 C.F.R. 
§ 1, 97(b) (4)) . No fee or statement is required. 

d. □ before the mailing date of a first Action on the 

merits (37 C.F.R. § 1.97(b)(3)), No fee or 
statement is required. 

In the event that a first Office Action on the 
merits has been issued, please consider this IDS 
under 37 C.F.R. § 1.97(c) and see the statement 
under 37 C.F.R. § 1.97(e) below, or, if no 
statement has been made, charge our deposit 
account in the amount of $180.00 as required by 
37 C.F.R. § 1.17 (p) . 



V. □ THIS IDS IS BEING FILED UNDER 37 . C.F.R. §. 1.97(c) : 
(check one box) 

before the mailing date of a Final Office Action under 37 
C.F-R. § 1.113 (See 37 C.F.R. § 1.97(c)(1)) or before the 
mailing date of a Notice of Allowance under 37 C.F.R. 
§ 1.311 (See 37 C.F.R. § 1.97(c) (2)) . 

a. □ No statement; therefore, a fee in the amount of 

$ 180.00 as required by 37 C.F.R. § 1.17(p). 

or 

b. □ See the statement below. No fee is required. 
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VI. STATEMENT UNDER 37 C.F-R- § 1, 97(e) (check only one box) 
The undersigned hereby states that 

a. □ each item of information contained in the IDS was 

first cited in any communication from a foreign 
Patent Office in a counterpart foreign 
application not more than three months prior to 
the filing of this IDS; or 

b. □ no item of information contained in the IDS was 

cited in a communication from a foreign Patent 
Office in a counterpart foreign application, and, 
to the knowledge of the person signing the 
certification after making reasonable inquiry, no 
item of IDS was known to any individual 
designated in 37 C.F*R. § 1.56(c) more than three 
months prior to the filing of the IDS. 

^' n Some of the items of information were cited in a 
communication from a foreign Patent Office. As to 
this information, the undersigned states that 
each item of information contained in the IDS was 
cited in a communication from a foreign Patent 
Office in a counterpart foreign application not 
more than three months prior to the filing of 
this IDS. As to the remaining information, the 
undersigned hereby states that no item of this 
remaining information contained in the IDS was 
cited in a communication from a foreign Patent 
Office in a counterpart foreign application and, 
to the best of my knowledge after making 
reasonable inquiry, was known to any individual 
designated in 37 C.P.R. § 1.56(c) more than three 
months prior to the filing of this statement. 



VII. PAYMENT OF FEES (check one box) 

Q A check in the amount of $180 .00 as required by 3 7 
C.F.R. § 1.17 (p) is enclosed for the above-identif ied 
fee . 

□ Please charge Deposit Account No. 02-24 48 in the 
amount required by 3 7 C.F.R. § 1.17 (p) for the above- 
indicated fee. A triplicate copy of this paper is 
attached . 

Q No fee is required. 
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If the Examiner has any questions concerning this IDS, 
he/she is requested to contact the undersigned. If it is 
determined that this IDS has been filed under the wrong rule, 
the PTO is requested to consider this IDS under the proper rule 
and charge the appropriate fee to Deposit Account No. 02-2443. 

If necessary, the Commissioner is hereby authorized in 
this, concurrent/ and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 02-2448 for any 
additional fees required under 37 C.F.R. § 1.16 or under § 1.17; 
particularly, extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART; KOLASCH & BIRCH, LLP 

Gerald M. Murphy, Jr., #28,977 
P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 

g| PTO -144 9 
13 Documents 

□ Foreign Search Report 

□ Other: 

(Rev. 10/J1./Q1 



GMM/GMD/gh 
1422-0449P 

Enclosures : 
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IICFORMATION DISCLOSURE CITATION 
IN AN APPLICATION 
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(19) United States 

(12) Patent Application Publication (lo) pub. No.: us 200i/005i7l8 Ai 

Singer et al, (43) Pub- Date: Dec. 13, 2001 



(54) NOVEL SYNTHESIS AND 

CRYSTALUZAXrON OF PIPERAZINE 
RING-CONTArNING COMPOUNDS 

(76) Invcntora: Claude Sloger. Kfar Saba (IL); Anita 
Llberman. Td Aviv (a.); Nina 
FInkfilstein, Hcrziiya (JL) 
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ABSTRACT 



Thti present invcation is directed to methods for tbc prepa- 
ration of piperazioe riciiS-coDUiaing compounds, particularly 
mirtflzapine. According to the present invfiotioa, the mir- 
tazapinc mtcrmodiatc l-(3-oarboxypyridyl-2)-4-iDcthyI-2- 
phenyl-pipcrazine is oaade by hydrolyang l-(3-cyaDopy- 
fidyJ-2)'4-racihyl-2-phenyl-piperaziiic with a base where 
the base is present iD a rado of up to about IZ moles of the 
base per one mole of; l-(3-cyanopyridyl-2)-4-m6thyl-2-pbe- 
oyl-pipcraaae. The mirtazapine iatercnediatc l-(3-carboxy- 
pyridyl-2)-4-meihyU2-phenyl-piperazine may be made by 
hydrolyziog l'(3'cyanopyridyl-2)-4-tne£hyl-2-pheiiyi-pip« 
erazine with potai&sium hydroxide at a temperature of at least 
about 130'* C. The method of the present inveaticn also 
iochdes reactiog 2'araioo-3-hydrQxymcthyI pyridioc ^v{tb 
N-mcthyI-l-phfinyl-2;i'-i[iiinodicihyl chbride to fom l-{3- 
hydroxymeibyipyridyl-2)-4-mcthyl-2-phenyl pipcrazine, 
and adding sut^ric acid to the IH[3-hydroxy(DethyIpyridyN 
2)-phenyU4-methylpipcraziae to form mirtazapine. Jht 
present invention also relates to aew processes for recr^-a- 
tallizatioa of mirtazapine from crude mirtazapine. 
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NOVEL SYNTHESIS AND CRYSTALUZATION OF 
PIPERAZtNE RING-CONTAINING COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICAnON 

[0001] This appUcaiiott claims the benefit of U.S. Provi- 
sional Application No. 60/130,047,' filed Apr. 19^ i909. 

FIELD OF THE INVENTION 

[0002] The present invention relates to synthetic organic 
chemistry, pifticularly, to synihesis of piperazinc rins-con- 
taining cotnpounds, such as mirtaiapinc, nod to the crystal- 
lizaiioQ of mirtazapinc from different solveqts and solvent 
systems. 

BACKGROUND OF THE INVENTION 

[0«03] Mirtazapinc, 1,23, 4,10, l4b^hexahydro^2-mcthyl- 
pyrazino [2,l-a]pytido[2,3-c](2] benzazepine, having the 
formula I: 




a-amino- N-mctliyl-2-phBoyl- 




l-(3-cyaaOtixqthyipyridy 1-2)- 
4-me tb yl -Z-p heny I -pip4 raiws 



I 




[0004] Is approved, under the trademark Remeronv®. by 
the U.S. Food and Dmg Adtninisiralion^ for ihc treatment of 
depression. Mirtazapioe has a tetracyclic chemicai slnicture 
unrelated to other classes of antidepressants such as selec- 
tive serotonin reuptake inhibitors, tricyclics or rnQOoamine 
oxidase iohibitois. Mirtazapinc beloni^ to the piperazi* 
noazepine j^roup of compounds. 

[0005] Miriazapine may be made by methods described in 
U.S. Pat. No. 4,062,848. By a process of U.S. Pal- No- 
4,062,848 f-ihe patent"), ihc mirtazapine iniermediaie 
l-{3,hydrDxymBthyIpyfidyl-2'4-me(hyl-2-phcnyI-pipcra- 
zinc is made by a three step process starting with a 23- 
subsiiiuied pyridine derivative, Ttcrefore, as shown in 
Scheme 1, when starting with 2-amino-3-cyano-pyridine, 
the process of the '$4S patent requires foyr synthetic sicps 
to make mirtazapioe. It is desirable to have a process for 
making mirtazapioe that requires fevvcr steps, and therefore 
requires jess reagent, solvent and time. 




\ 

l-(3-tiyd(oj<ymethylpycidyl-2)- 
•^metbylO-pkeayl-pipcrDZine 




MifUupii 
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[0006] By the process of U-S. Pat. No. 4,062,843 C'tbc 848 
patear), tb« miruzapioe iatcnaediaic l-(3-cafboxypyridyl- 
i)-4-aj«thyl'2-phcayl-pipcrazmc is cnacje by the hydrolysis 
of the aitrilo l-(3-cyanopyri4yl-2)-4-alcthyl-2-pbeQyl-pip- 
cntzine under highly basic conditions of 25 moles of potjis- 
sium hydroxide (KOH) per cnolc of mtrile, at high tcmpcra- 
turs and for long reactioo cimes of 24 hours. These harsh 
reaction cooditions DeL:essi'ta,[e a ^rcat elfo:t in punfying the 
resulting product as we [I as creating eovironrnfiatal wasic 
disposal issues a^ociatcd with neutralizing aad disposing of 
large uqIuibcs of conceatrated basic solutions. The highly 
ba^ic coodiuons and long rcaccion limes make itt procedure 
of tht '845 patent very costly, especially in terms of reactor 
lime. 

[0007] According to the methods of U.S. Pat. No. 4,062, 
848 » crude mirtazapinti is reyrysiallized only in ciher and 
petrol ether 40-60. The solvents ether and pcirol ether 40-60 
are both very di^cuit to handle in large scale production. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed lo a method for 
the preparation of mirtazapinc. comprising the steps of: 
reacting a compound of the formula 

a 



[0009] with a compound of the formula 




[00X0] to form 1 compound of the formula 




[00 U] adding a rin^ closing reagent to the compound of 
the formula 




[0012] to term rairtazapine, wherein R* is selected from 
the group consisting of hydroxy methyl, chloramtthyl, bro- 
momethyl and iodo methyl; is amln^; and is selected 
from the group consisting of chloro, fluoro, bromo and iodo. 

[0013] In a preffened embodiment of the present ioveotion 
is directed to a method for the preparation of mirtazapine, 
comprising the steps of reacting 2-amitto-3-hydroxymcthyl 
pyridine with N-methyl-l-ph6nyl-2,2'-iminodicthyl chloride 
to form K3-hydroxymethylpyridyl-2)-4-meihyl-2-pfaeQyl 
pipcrazine, and adding sulfuric acid to the l-(3-hydroxym- 
ethylpyridyl-2)-4-raethyl-2-pheayl-piperazinc to form mir- 
tazapioe. 

[0014] Further, it has now been discovered that the mir- 
impine intermediate K3'carboxypytidyl-2)^-m6thyl-2- 
pheayl-pipera2ine may be made by hydrolysis of the aitrile 
l«(3-cyanopyridy!-2)-4-mcthyl-2-ph6nyi-pipcraziae using 
new more favorable reaction conditions. The new reaction 
conditions of (he present invention include a low mole to 
mole raiio of potassium hydroxide to nitrile and shorter 
reaction times. 

[00 15] The present invention relates to a improved pnacess 
for making l-(3-carboxypyridyl-2)-4'meihyl-2-phenyI-pip- 
crazine by hydrolyzing l.-(3-cyanopyridyl-2)-4-methyl-2- 
phenyhpiperazine comprising the step of reacting l-(3- 
cyanopyridyl-2)-4-methyl-2-phenyUpiperaziae with a base 
wherein the base is present in a ratio of up to about n moles 
of the base per one mole of l-(3-cyanopyridyl'2)-4- methyl- 
2-phcnyl-'pipcrazino. 

[0016] la a preferred embodiment of the present inveniioo, 
the ratio of the base to 1 -(S-cyanopyridy l-2)-4- methyl -2- 
phonyi-piperazioe is about 12 moles of base to about one 
mole of l-(3-cyanopyridyU2)-4-mcthyl-2-phcoyUpiperazice 
to about 9 moles of base to about one mole of X-(3- 
cyanopyridyU2)-4-m6tfayl'2-phcnyl-piperazine. 

[0017] In another preferred embodiment of the present 
invention, the base is potassium hydroxide or sodium 
hydroxide, 

[00 1$] In another embodiment of the present invcniion. 
the rai.\ture of the l*(3-cyanopyfidyl-2)-4-mcthyl-2-pbeayl- 
piperazine and the base is heated to at least about 130*" C, 

[0019] lo another embodiment of the present invention, 
the hydrolysis of l-(3-cyanopyridyl-2)'4-methyU2-pbenyN 
piperazine is carried out in a mixture water and a soWcni 
selected Grom the group consisting of methanol, cihanol» 
propanol. isopropanoL, buianol, dime thy Lformamide, dim- 
ethyl acctamidc and dimethylsulfoxide. 

[OO20] The present invention also relates to improved 
processes for making mirtazapinc from etude mirtazapine 
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compri^mg the steps of (a) beariag a oaixmrc of cruclh 
mirtazapiae acd solvent; and (b) isolating miriazapiDc. 

[0021] la a preferred embodiment of tht^ prtscai iavcailoap 
water is added to the btated mixture oc mirtazapiai^ aod 
solvent to faciilcato precipitatioD of oiircazisipiDe. 

[0023] [a aa addition^il embodiment of ih^ present inven- 
tion, preferred soWeals arc iDctbanol, etbaool, isopropaool, 
acetone, toluene, and hex:;Qe aod mixiurcs tbereof. 

[O023] In an additional embodimeot of i:be present inven- 
tioo, preferred solvcQts arc toluene, hcxaue, and methylene 
chloride. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The present invention relates to a oovel process tor 
preparing pipcra2ine ring-containing compounds, such as 
rairtazapine, as dtiscribcd in Scheme 2 below. The process of 
iho present inventioa is adviatageous over prior aft pro- 
cci^s due 10, inter alia, the higher yield, smaller number of 
steps in relation to the alteraative methods^ aqd minicnized 
raw material costs. 



Schmna 1 




[0025] More particularly, the present invention relates lo 
the process of making mirtazapine irom compounds of the 
formulae (I. HI and IV. la the process of ihe present 
invention ihc compound ot formula II in Schctzic 1 above, 
wherein denotes hydroxymethyl. chlorotacihyl. broinota- 



ethyl or iodomethyl, and denotes amine, preferably 
^-NH;, is reacted with the compound of formula ID in 
Scheme 2 above, wherein denotes chloro, fiuoro, bromo 
or iodo, to form the compound of formula [V wherein R* is 
defined a£ above. 

[0026] In the process of the present invention, the com- 
pound of fcbfTOuU n is dissolved in a solvent such as 
ffletbylenc chloride The compound of formula til is added 
to the solvent mixture and the rcsultiog mixture is heated. 
Pfcterabiy the reaction mixture is heated to the reflux 
temperature of the solvent. The mixture is bcatod to form the 
cofflpouad of formula IV. Nfirtazapine is then prepared by 
ring closure of the compound of formula IV. Ring closure of 
the compound of formula IV may be performed using a 
ring-closing reagent. Suitable hag closing reagents are 
dehydrating or dehydrobMogenatiog agents. Dehydrating or 
debydrohalogenating agents chat may be added to the reac- 
tion mixture for this purpose include acids, such as sulfuric 
acid, concentrated sulfuric acid, coocentrated hydrochloric 
acid, triiiuoroacclic acid, phosphoric acid, polyp hosphoric 
acid (PPA), phosphorus oxychloride, phosphorus irioxidc, 
phosphorus pentoxide and Lewis acids, such as aluminum 
chloride, ferric chloride, zinc chloride, tin chloride, titanium 
chloride, boron crifiuoride^ antimony peatacbloride and zir^ 
cooium tetrachloride, 

[0027] Dehydrating agents that arc particularly p Deferred 
are sulfuric acid and phosphorus derivatives, such as PPA 
and phosphorus oxychloride, Concentrated sulfixric acid 
most preferred. A particularly preferred dehydrohalogenat- 
ing agent is aluminum chloride. 

[0028] tn a preferred embodiment of the present invention 
the compounds of the formulae n. III and IV aiti compounds 
of the formulae II', III' and IV respectively as shown in 
Scheme 3 below, ta an embodiment of the present irivention, 
2'amino-3-hydroxy methyl pyridine is reacted with N-me- 
thyUl-phenyl-2,2''iminodiethyl chloride to form l*(3-hy- 
droxymethylpyfidyl-2)-4~m6thyi-2-pheDyl-pipera2ine. to 
the present iqveation, 2-ainino-3-bydroxymeihyl pyridine 
(ir) is added to a solvent. Suitable solvents include 1,2- 
dichloroeihaae, methylene chloride, dimethylfonnamide, 
dime thy lacetamide and dimetbylsuLfoxide. N-Methyl-1- 
phcnyl-2,2'-imidodietbyl-cWoride (HI') is added to the sol- 
vent mixture and the resulting mixture is heated. Preferably 
the reaction mixture is heated to the reliux temperature of the 
solvent. The mixture is heated until l-(3'bydroxymcihylpy- 
ridyN2)-4-meihyl-2-phenyl-pipcrazioe Is formed and the 
reaction is complete. A suitable time is about six to about 24 
hours. The l-(3-hydraxymcthylpyridyl-2)-4-meihyl-2-phe- 
nyl-piperaziae is then converted to mirtazapinc by ring 
closute. 

[0029] The ring closure of i -(3 -hydroxy me thy Ipyridy 1-2)- 
4-methyl-2-pbeayl^piper&zinc is performed under strongly 
dehydrating (R^-OH) conditions, preferably at an elevated 
temperature. Suitable dehydrating agents, include acids, 
such as suliiuric acid» coaceoirated hydrochloric acid, trif- 
luoroacetic acid, phosphoric acid, polyp hosphoric acid 
(PPA), phosphorus oxychloride, pbosphonis tri oxide and 
phosphorus pentoxide. Dehydrating agents that axe particu- 
larly preferred arc sulfuric acid and phosphorus derivatives, 
such as PPA and phosphorus oxychloride. Concentrated 
.sulfuric acid is most preferred. 
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Scheme 3 
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MirtazApine 



[0030] The present inventioa also provides new processes 
for making the (nina^apioe LDtarTn«4iii(c i-(3-carboxypy- 
fi(lyl-2H-incthyI-2-phcnyl-piperazuic from the ailrilc l-(3- 
cyaaopyridyl-2)-4-aietbyl-2-pbeoyl-piporazinti where the 
aitrile 15 (I) hydroLyzcd by base tasing a new low mole to 
mole cido of base lo the qitrile l-(3-cyanopyridyl-Z)-4- 
meihyl-2'phoiiyl.piperazmc and (ii) hydrolyzed using short 
reactioD times. 

[0031] Where the present invention provides improved 
methods for maJdnt; the minazapinc inrermcdiaic l-(3- 
s;arboxypyri4yU2)-4-mc[hyl-2-phoQyl-pipcra2inc» the DUrile 
H3'CyaoopycLdyl-2)-4'mc[hyl-2-pheayl-pipenziac is 
solved in a mixrurc of water and organic solvent. Preferred 
organic solvents include polar aproiic solvents and alcohols. 
Polar aproiic organic solvents such as dimfeihylfonnamidc, 
dimcthyiacetamide aod dimcthylsulfoicide and the like are 
preterred. Preferred alcohols art methanol, ethaool, pro- 
panol. isopropaool, bui^nol and the like. A suitable amount 
of basp, such as poiassiuro hydroxide or sodium hydroxide, 
is added to the reaction mLxturc. Ac amount of base, such as 
potassium hydroxide or sodium hydroxide, of up [o about I2 
moies of base per mole of nitrile (for example 12: 1 ICOH:ni- 
irile) is preferred. Amounts of base, such as po radium 
hydroxide, in the ratio of about 9 moles of potassium 



hydroxide per one mole of oitrije (9:1 KOH:iiitfile), to about 
12 moles of potassium hydroxide per mole of oitrilc (12:1 
KOH; aitrile) are preferred. 

[0032] In the present invention, the mixture of the nitrile 
l'(3-cyanQpyridyl-2)-4~methyI-2-phenyi-pipcrazinc, sol- 
vent and base is hcaicd to at least about 130° C. Reaction 
temperatures of about 130' C. to about 150' arc preferred. 
In an embodiment of the present invention, the reaction may 
be conducted under pressure to facilitate the attainment of 
high temperatures. A pressure of at least about 3 atmo- 
spheres is preferred, Pressures of at least about 3 atmo- 
spheres ro about 4 atmospheres are more preferred. The 
reacttoo miKhtre is heated until the reaction is complete. The 
completion of the reaction may bo monitored by HPLC. The 
amouot of time needed for the completion of the hydrolysis 
of the nitrile varies with the temperature of the reaction. 
Higher reaction temperatures generally require shorter reac- 
tion times, while lower reaction teroperatux^s generally 
requinss longer reaction times. While not limiting the reac- 
tion time of the present uzventioD, preferred reaction times 
of the present invention may be from about 2 hours lo about 
8 hours. Upon completion of the reaction, the pH of the 
reaction mixmre is lowered, preferably to a pH of about 6 to 
about 7. Preferably the pH is lowered with hydrochloric 
acid. The mirtazapine intermediate , l-(3-cyanopycidyU2)'4- 
methyl-2-phfcnyl-pipefazine is isolated foUovwng washing 
and GltratioQ of the reaction mixture. 

[0033] In an additional embodiment of the present ioven- 
tioti* the reaction mixiut^ of the nitrtle l-(3-cyanopyridyl- 
2)-4-m6thyl-2-pbenyl-pipe rapine, and potassium hydroxide, 
is heated while using a minimum amouot of wator^ such as 
about 0.25a mL of water per gram of KOH, and small 
amounts of an aprotic solvent such as dimcthylformannidc, 
dimethylacetamide and dimethylsulfoxide, such as about 0.1 
to 0.5 grams of apryiic iioLvcni per gram of nitrile, under 
very concentrated conditions or almost neat conditions at 
atmospheric pressure. The mifiazapinc intcnncdiatc, l-(3- 
cyanopyridyl-2)-4-roethyl-2-phenyl-piperazin6 is isolated 
Ibllowing washing and filtration of the reaction mixture, 

[0034] The new processes of the present invention for 
making the mirtazapioe intermediate l-(3<arboxypyridyl- 
2V4-mcthyl-2-phcDyl-piperazinc from the nitrile l-(3'cyan- 
opyridyl-2)"4-mc[hyl-2-phcnyUpiperazine. significaniiy 
reduce the quantity of potassium hydroxide used, from 25 
moles of potassium hydroxide per mo(e of the oitrile as in 
the '848 patent, to about 12 moles or less of potassium 
hydroxide to one mole of tbe oitnle. The reduction in the 
amount of base needed considerably simpli&cs the work-up 
of the reaction and minimizes cnviroameotal problems. 

[0035] The present invention also provides new methods 
for mokiflg pure mina2apine by purifying crude mirtazapioe 
by recrysiallization. Upon the ring closure of l-(3-hy- 
droxymethylpyridyl-2)-4-mcihyl-2-phenyl-piperaziiic to 
form mirtazapine, the crude product, mictazapinc, is puriEed 
by recrystallizatioa- 

[0036] [t has been discovered that common solvents such 
as toluene or methylene chloride and solvent systems such 
as alcobol-watcr can be used in (he recrystallizatioa of crude 
mirtazapine. According to tbe present ijiveacion, crude cuir- 
lazapine is suspended in a suitable solvent. Preferred sol- 
vents include methanol, cthanol. isopropaool, and acetone 
and mixtures thereof, or mixcurcs of odc or more of those 
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solvents with water. Additional preferred solvents also 
include toluccc, bcxanc, and methyleoe cbloridc SoWcat 
mixtures of water and etbanol arc more pretertc^d- Solveoi 
mixtures of ratios of about 1:1 to i\bQ\xi l:4ethaDol:w&ter are 
preferred. 

[0O37] In the preseat invention, the suspension of cmdc 
miruzapiae and soli/ent is beaced to a suitable temperature. 
Suitable temperatures include, for example, the re^ux icm- 
peraiure of the solvent system being used in any particular 
embodimCDt of the present invention. For example, in an 
embodiment of the present inventloa where toluene is the 
solvent, a Ccmperature of about U0° C. is suitable. Purified 
mirtazapine precipitates upon cooling of the reaccion mix- 
ture. Filtration and drying of the resulting precipitate yields 
pufitied, reccystallized mirtazapinc. 

[0038] In a farther example, crude mirlazapitje is, su^i- 
pcndcd in a solvent such as ethaooU aod the mixture is 
heattid to reflux. Water is then added dropu/ise and the 
solution is cooled to facilitate precipitation of roirtazapinc. 
The precipitate is purified by Hltratjon, washing and drying 
to yield purified mirtazapinc. The crystallized rairiazapine 
may be a water adduct thereby containing up to 3% water by 
weight (3% w/w). 

[0039] The solvents and solvent systems of the present 
ioveation are suitable Cor large scale reactions, and arc more 
suitable for large scale reactions than ether or petrol ether 
40-6Q. Addirionally, the crystallization yield can be substan- 
tially improved when using the solvent system 6f the present 
inverjtaon. 

[0040] MirtazapLoe and mirtazapine iati^rcacdialcs, l-(3- 
cyanQpyridyl-2)-4-mcihyl-2-phenyl-pipera2inc and l-(3- 
carboxypyridyl-3)-4-meibyl'2-phenyl-piperazirtt: each con- 
tain an asymmetrio carbon atom, as a result of which 
separate optical ispt&ers may be prepared in addition to a 
racemic mixtures. Processes of the present invention include 
these optical isomers just as the racemic mi.\*turcs are 
ixicludcd in the invention. 

[0()41] In accordance with ihe present invention, mirtaza- 
pine produced by the process of the present invoaiion may 
be prepared as pharmaccucical compositions that arc par- 
ticularly useful for the treatmcat of dcpre&sioa. Such com- 
positions comprise a therapeudcally effective amount of 
miriazapine with pbarmaccuiically acceptable carriers and/ 
or excipients known to oae of sldU in the arL 

EXAMPLES 

[0042] The following examples arc given for the purpose 
of illustrating the present invention and shall not be con- 
strued as being limitations on the scope or spirit of the 
invention. 

Example I 

Preparation of 
l-(3'HydroxyraeihyIpyridyl-2)-4-V[6ihyl.2-Phenyl- 
Pipcrazinc 

[0043] In a 50 mL thrce-nccked flask equipped wlih a 
mecbanical scirrcr, a condenser und a thermometer I g 
(O.OOS mole) of 2-aminoO-hydroxyme[hyl pyridine and 20 



mL of l,2-dichlorocth4Qe were charged- The mixing is 
Started and to the suspeosioo 2.8 g (0,012 mole) of N-mc- 
thyl-l-pbcayI-2,2'-injioodiethyl-chloride are added. The 
reaction mixture is heated to reflux (-80** C) and maintained 
at this temperatuit for su hours. 

[0044] After six hours the reaction mixture is cooled atsd 
ihc Solvent (1,2-dichlorocihaae) is removed by dry distilla- 
tion. A yellowish powder is obtained which contains 1.8 g 
l-(3-hydroxymethyl * pyridyl-2)-4-(nethyl-2-pheayl-pipera- 
zinc (yield 80%). This powder can be used without addi- 
tional puriiicaiiOD for the preparation of mirtazapinc. 

Example 2 

Preparation of Mictazapine 

[0045] In a 50 mL three- necked flask equipped with a 
mechamcaJ stirrer, a condenser and a the rmo meter 1.8 g of 
l-(3"hydroxym ethyl pyridyl-2)-4-methyl-2-pheiiyl-pipcra- 
zine are added to ^5 mL of concentrated sul&iric acid that 
was previously cooled to 10* C. The obtained solution is 
mixed at room temperature for 4 hours, then heated for one 
hour to about SO" to 60* C. After cooling, the reaction mass 
is added to 25 g of ice under mixing and neutralized wirb a 
concentrated ammonia solution or sodium hydroxide. The 
formt^l precipitate is separated by filtration. The mother 
liquor is evaporated to dryness under vacuum. Both the 
formed precipitate and the residue &om the mother liquor 
are each suspended in -20 mLof isopropanol. The combined 
isopropanol extracts are evaporated to dryness. Axi oil is 
obtained which contains 1.35 g of mirtazapine (yield 80%). 

Example 3 

Preparation of Mirtazapinc 

[0046] H3-Hydroxymcihylpyridyl-2)-4-mcthyl-2-ph6- 
nyl-pip<arazinc (l.S g) is added to -5 mL of coaceatrated 
sulfiiric acid. The resulting solution is mixed at 35" C. for 6 
hours. Ai'tercooUogp the reaccion mixnire is added to 25 g of 
ice under mixing and basified with a concentrated ammonia 
solution or sodium hydroxide solution to pH-IO, The sepa- 
rated precipitate is extracted into methylene chloride and the 
extract is evaporated to dryness; i.6 g of Mirtazapinc is 
obtained (yield 95%). 

Example 4 

Preparation of l-(3-Carboxypyridyl-2-)-4-Methyl-2- 
Phenyl'Piperazine 

[0047] i-{3-cyanopyridyl-2-)-4-mcthyl-2-phcQyl-pipera- 
zine (54 g) is dissolved in 340 mL of cthanol and 34 mL of 
water. Potassium hydroxide flakes. 85% (113 g), arc added 
and the reaction mixture is heated in an autoclave to 140° C. 
The pressure increases to 3-4 atmospheres and the reaction 
mixture is maiotaioed under pressure with mixing for 5 
hours, After 5 hours, the reaction mixture is cooled, the 
ethanol is removed from the mixture by vacuum distillation, 
fresh water and lolucoc arc added and the 2 phases are 
separated. The water solution is neutralized with hydrochlo- 
ric acid (HCl) iQ pH-6.5-7, At pH-$.5-7 the waicr is 
evaporated and toluene is added. The inorganic salts are 
tiltcred and the tolucoc solution is evaporated to dryness 
yielding 52 g of l-(3-carboxypyridyl-2')'4-iiicibyl-2-phe- 
nyl-piperazinc (yield: 9Qf£>). 
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Preparatioa of l-(3-Carbaxypyridyl-20-4-Mcttiyl-2- 
Phcnyl-Piperazme 

[0O48] Potaiisium hydrojcidc (150 g of KOH dakes, 
and 75 mL of water aad 65 g of DMSO arc added to 
l-(3-cyaiiopyridyl-2')-4-mcthyL"2-pheijyl-pipera2iati (54 g) 
aaci the reaction mixture is hcitcd la 145-150° C. and mixed 
for $ hours. After S houf$, the {Qor^anic phasic cotitainiog 
water and potassium hydroxide (KOH) is separated and the 
orgaaic phase, coacaining maLiiIy a product oil, i$ cooled. 
Fresh wetter and tolueac are added aad the two phases ar^ 
separated The aqueous solution is neutralized with HCt to 
pH-6,5-7, At pH-6,5-7. ihc water is evaporated aofl toluene 
x& added. The inorganic; salts arc filtered and tht± toluent^ 
solution is evaporated to dryness yielding 52 g of l-(3- 
carboxypyridyl-2-)-4-fflethyl-2-phcnyl-pipera2inc (yield: 

Example 6 

RecrysiaUization of Mirtazapine 

[U049] Mirta^apitic (20 g), obtained as in Examples 2 and 
3, is suspended in 20 mL of ethanol and heated to rcdux. At 
reflux, ^ mL of water is added drop wise to the solution over 
ODC hour followed by cooling lo 10" C, The resulting filler 
cake is washed with a solution of water:cthanol (2;1) atid 
dried al 60" C. under a vacuum. Cryst4lli:scd mirtazapine, IS 
is obtained in 90% yield. 

[OOSO] Tablfl 1 sets forth a summary of additional experi- 
ments generally following procedures described above 
wherein the yield % is the percent yield of mirtazapine 
crystals from crude mirtazapine and the Purity % is the 
percent' purity as compared to a mirtazapine standard. 



TABLE 1 


Puriflcation 


of Cmdo Mimtnnine 


hv Becrvimllizarion 






Ruu] of lolvaqu 






Solvent ByBtcoi 


ml:fnl/a 


Condilisi\< 


% 


hexQflc 


10 


reAitt: 


SS 




3 


fcAux 


32 


loluc^c 




reAujc 


S3 


ac£[OAa/Wi)tar 




25" C. 


65 




■7:10 




67 


mAt lid not/ water 


2.25:1,5 


rcAuk 


fi7 




1.5:1 


rettujf 


72 






reftta: 


60 


acetoDc-woler 


3:2 




53 








70 


fiinanol/wqtcr 


1.3:1.75 




W.3 




i;4 


celtux 


100 




1.1:1.2 




S7.3 


cthanelVWfttor 


Cl.S;0.9 


re Am 


!» 




0,S:l 




57 




0.6:0.7 






athapul/ water 


0.35.-0.7 


ccAux 


91.5 


etbanol/witcr 


0.6:0.69 


refltu 


il7 


eihJnol/WQ[er 






95 i 



[0051] Aithough certain prcseotly preferred embodiments 
of the invention have been dcj;cribed herein, it will be 
apparent to (hosc skilled in tbe aa (o which the invention 
pertains that variations and modi^cations of the described 



embodimeats may be made without departing &om the spirit 
and scope of the icveotion. Accordingly, it is intended that 
Che invention be limited only to the extent required by tht= 
appended claims and the appUcabJe rule of law, 

We claim; 

I. A method for the preparation of mirtazapine, compris- 
ing the steps of: 

(a] reacting a compound of the formula 




with a compound of the formula 




to form a compound of the formula 




(b) adding a ring closing reagent to the compound of the 
formula 




to form mirtazapine wherein is selected from the 
group coQi^ititiagot'hydroicymethyl, chloromcthyl, bra- 
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momcchyl and iodomccbyl; R' is amines; and is 
selectdd from the group coo&isting of chloro, fluoro, 
bromo and iodo, 

2. Tbe method ofc' claim 1, wherein is hydroxy methyl, 
R- is —SR., and R' is chLoro. 

3. TUe method of claim U whertin said a ring closing 
ceugeot is selected from the group consisting of sulfiiric acid, 
cocceQtrated sulfuric acid^ coaceatrated hydrochloric add, 
trifluon!} acetic acid, phosphoric a.cid, polyp hospboric acid, 
phosphorus oxychioride, phosphorus trioxide, phosphorus 
pcntoxide, Lewis acids, aluminum chloride, ferric chloride, 
ziac chloride, tin chioride, titanium chloride, boron iriJluo- 
ride, aatimoDy pcacachloride and zirconium tetrachloride, 

4. The method of claim 2, wherein said ring closinjs 
reagent is sultufic acid. 

5. The method of claim 1 which iiurther comprises the step 
of heating, 

6. A method for the preparation of mirtazapine, compris- 
ing the steps of: 

(a) reacting 2-amiag-3-hydrpxymethyl pyridioc with 
N-methyH-phenyl-2,2'-imioodietbyl chloridts to form 
l-(3-hydrtixymeihyIpyridyU2)-4-m6thyl-2-phenyl-pip- 
erazine, and 

(b) adding a hag closing rcajscnt to tho l-(3'hydroxym* 
ethylpyridyl-2)-4-meihyl-2-phenyl-pipcrazine to form 
miftazapine. 

7. The method ai claim 6, wh^rtin said a ring closing 
reagent Is selected from the group consisting of sulfuric acid, 
concentrated sulfuric acid, concentrated hydrochloric acid, 
triHuoro acetic acid» phosphoric acid, polyp hosphoric acid^ 
phosphorus oxycbloride, phosphorus trioxidei phosphorus 
pentoxide« Lewis acids, aluminum chloride, ferric chloride, 
zinc chloride^ tin chloride, titanium chloride, boron triAuo- 
ride, antimony peatacbloride and zirconium tetrachloride 

8. The raclhod of claim 6 wherein the ring closing reagent 
is sulfuric add. 

9. The method of claim 6 further comprising the step gf 
heating. 

10. A process for making l-(3-carboKypyridyl-2)-4-me- 
thyl-2-ph6nyl-pipcrazinc by hydrolyziog l-(3'Cyanopyridyl- 

*2)'+-rofithyl-2-phenyl-pipera2ine comprising the step of 
reactitig i*(3-cyanopyridyl-2)-4-aicihyl'2-phcnyl-pipera- 
zinc with a base wherein ihc base is present in a ratio of up 
to about 12 moles of the base per on^s mole of 1^(3- 
cyanopyridyU2)-4-methyl-2-phcflyl-piperatin6. 

11. The process of claim 10 whcreia the ratio of the base 
10 l-(3'cyanopyridyN2)-4'rac[hyl-2-phenyl-piperazine is 
about 12 moles of base to about one mole of i-(3-cyanQpy- 
ridyl-2>4-mcthyl-2-pfacnyl-piperazine to aboui Q moles of 
base to about one mole of l'(3-cyanopyridyI-2)-4-mcihyl- 
3-phenyl-piperazinc. 



12. The process of claim 10 ^herein the base is potassium 
hydroxide or sodium hydroxide 

13. The process of claim 12 wherein the mixture of the 
l-(3-cyanopyridyl-2)-4-methyl-2-phcnyl-pipcrazine and the 
base is heated to at lea;it about 130'' C 

14. The process of claim 13 wherein the mixture is heated 
to about 130" C, to about 150" C- 

15. The process of claim 12 wherein the hydrolysis is 
earned out in water and an aprocic polar solvent, 

16. The process of claim 12 wherein the hydrolysis is 
carried out in a mixture of water and a solvent selected from 
the group mosisting of methanol, eihanol, propanoic isopto- 
panoi, butanol, dimcchyLformamidc, dimcthylacetamidc and 
dimethylsulfbxxde, 

17. The process of claim 12 wherein the hydrolysis is 
carried out at a pressure of about 3 to about 4 atmospheres 
pressure, 

18. The process of claim 12 wherein the hydrolysis is 
earned out at almost neai conditions. 

19. A process £ar recrystalUzed mirtazapine tirom crude 
mirtazapiae comprising the steps of: 

(a) heating a mixture of crude mirtazapioe and a solvent; 

(b) cooling the mixture such that puriAcd mirtazapinc 
precipitatis; and 

(c) isolating the eecrystalUzed mirtazapioe. 

20. The process of claim 19 wherein the solvent is 
Selected torn the group consisting of methanol, cthanol, 
iso prop and, acetone, and mixtures thereofl 

21. The process of claim 20 further comprising the step of 
adding water to the mixture of minazapinc and solvent to 
facilitate precipitation of mirtazapinc. 

22. The process of claim 19 where in the solvent is 
selected from the group consisting of toluene, hexanc, and 
roeihylene chloride, and mixtures thereof. 

23. The process of claim 20 wherein the solvent is 
ethanol 

24. The process of claim 19 wherein the ntcrystaUized 
mirtazapioe is a mirtazapine water adduct. 

35, The product of the process claim 24, 

26. Miruzapine prepared according to the process of 
claim 1. 

27. A pharmaceutical composition comprising a therapeu- 
tically effective amount of mirtazapinc of claim 26, and a 
pharmaceuiically acceptable carrier. 

28. A method for the treatment of depression, comprising 
the step of administering to a human subject in need of such 
treatment the pharmaceutical composition of claim 27. 

* * « + * 
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